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A prospective randomized trial of three different sizes of core- of renal allograft dysfunction [1–3]. Its principal use is
cutting needle for renal transplant biopsy. in making an accurate distinction between acute rejec-
Background. Needle-core biopsy remains one of the most tion and calcineurin inhibitor-related nephrotoxicity, butimportant investigations in cases of renal allograft dysfunction.
it is also useful in identifying other pathologies, includingThe size and quality of the biopsy material are likely to be
important factors in achieving an accurate diagnosis. The aim acute tubular necrosis, chronic allograft nephropathy,
of this study was to compare the success and complication rates and recurrent disease. Histologic examination of the re-
of renal transplant biopsy procedures using three differently nal allograft has also been shown to have a useful role
sized needles.
in allowing the safe reduction of immunosuppressiveMethods. One hundred renal allograft recipients undergoing
therapy [3–5].transplant biopsy using an automated needle core method were
randomized to a 14, 16, or 18 gauge (G) needle. The size of The aim of the biopsy procedure is to provide a sample
each biopsy core was measured, and the presence or absence of of renal cortex that is of sufficient size and quality to
renal cortical and medullary tissue and the number of glomeruli
allow accurate histopathological interpretation and, atwere recorded. Assessments of the ease with which the proce-
the same time, to do no harm to the transplant kidneydure was performed, the diagnostic usefulness of the biopsy
material, and the discomfort associated with the procedure or the patient. Two recent advances in technique that
were made using verbal response and linear analog scales. have improved the safety and effectiveness of percutane-
Results. Fourteen G biopsy cores (N 5 33) were larger than
ous renal transplant biopsy are the use of real-time ultra-both 16G (N 5 33) and 18G (N 5 34) cores and contained
sound for needle guidance [6, 7] and automated biopsymore gomeruli (mean number for 14G, 16G, and 18G 5 15,
11 and 9, respectively). There were no differences in the ease guns [8]. Techniques based on these principles have
of use of the three needle types, but scores for diagnostic proved to be highly successful and to have a low compli-
usefulness were higher for 14G versus 18G and 16G versus cation rate [9–12].18G. The 14G needle was associated with significantly more
A number of different needle sizes are available forpain than the two smaller needles when this was assessed using
a linear analog score. Macroscopic hematuria occurred in eight these percutaneous biopsy techniques, and although
patients, but there were no differences in complications rates there has been a concern that larger biopsy needles are
between the three groups. associated with higher complication rates, this assump-Conclusions. All three needle sizes are safe for use in renal
tion has not been rigorously tested in a controlled trialallograft biopsy using a semiautomated biopsy gun. The larger
needles provide more tissue and glomeruli and, thus, are more of renal allograft biopsies. The present study was de-
diagnostically useful. Use of a 14G needle may be associated signed to assess the influence of biopsy needle size on
with more pain, and the 16G needle appears to offer the best the success and complication rates of percutaneous renalcompromise between diagnostic usefulness and patient accept-
transplant biopsy performed under ultrasound controlability.
using a spring-loaded biopsy gun.
Percutaneous needle core biopsy of the transplanted
METHODSkidney remains one of the most important investigations
Patients
A consecutive series of 100 renal allograft recipientsKey words: percutaneous biopsy, allograft dysfunction, diagnostic tool,
acute renal failure, tissue core sample. undergoing transplant biopsy were randomized to percu-
taneous needle core biopsy using either a 14, 16, or 18Received for publication October 29, 1999
gauge (G) Bioptye needle. All biopsies were performedand in revised form December 27, 1999
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Table 2. Ease of use for three different biopsy needlesTable 1. Patient details
14G 16G 18G 14G 16G 18G
(N 5 33) (N 5 33) (N 5 34)
Number of patients 33 33 34
Male/female 19/14 21/12 23/11 Easy 12 27a 18
Slight difficulty 11 4 9Age years 44 (12) 40 (9) 44 (10)
Weight kg 74 (10) 72 (9) 75 (11) Moderate difficulty 8 1 6
Extremely difficult 2 1 2Biopsy time post-transplant weeks 5 (4) 6 (6) 6 (4)
aP 5 0.02 vs. 14GValues are mean (SD) or raw numbers. Abbreviation G is the gauge of the
needle.
These pain scores were recorded immediately after each
treatment. The post-transplant drug regimen included biopsy procedure. The verbal response scale was divided
aspirin 150 mg p.o. once daily for the first three postoper- into four options: no pain, mild pain, moderate pain, or
ative months; aspirin was not stopped prior to biopsy severe pain. The linear analog scale was a 100 mm line
procedures. The Bioptye needle was used in conjunction with the words “no pain” at the left-hand end and “worst
with the Biopty gun, a spring-loaded device that is auto- pain imaginable” at the right-hand end.
mated to perform the two-stage tissue cutting action of Biopsy cores were fixed in 10% formalin, paraffin em-
the biopsy needle. Randomization was performed imme- bedded, and processed for routine histopathology with
diately prior to each biopsy procedure using a sealed- staining using hematoxylin and eosin. All paraffin sec-
envelope system. The randomization sequence was cre- tions were examined by the same pathologist (P.N.F.),
ated by drawing cards with a one in three chance of who was blinded to the type of needle used. The patholo-
obtaining 14G, 16G, or 18G. One hundred cards were gist assessed the diagnostic usefulness of the biopsy mate-
drawn and then placed in consecutively numbered rial provided using verbal response (poor, adequate,
opaque envelopes. This randomization procedure was good, excellent) and linear analog (a 100 mm line marked
performed by a person who remained completely inde- with the word “useless” at the left-hand end and “per-
pendent from all aspects of the subsequent trial. All fect” at the right-hand end) scales. The length and diame-
patients gave written informed consent to the trial, and ter of each biopsy core was then measured using a mi-
local ethical committee approval was obtained. crometer, and the presence or absence of renal cortex
The skin over the transplant was cleaned with antisep- and medulla and the number of glomeruli were recorded.
tic solution and draped with sterile towels. Real-time The number of glomeruli in serial sections was counted,
ultrasound scanning was used to localize and orient the and the highest number in an individual section was
position of the transplant kidney. An area of renal paren- recorded as the number of glomeruli in a particular core.
chyma away from the hilum was chosen for biopsy, and The adequacy of individual biopsies was also categorized
the skin and subcutaneous tissues over this region were using the Banff criteria, which define a completely ade-
infiltrated with 10 mL of 1% lignocaine with epinephrine. quate biopsy as one containing seven or more glomeruli
This local anesthetic was introduced down to and includ- and a marginal biopsy as one containing between one
ing the renal capsule under ultrasound control. The skin and six glomeruli [13].
was then pierced with a number 11 scalpel blade, and Statistical analysis was by the Fisher’s exact tests for
the Bioptye needle was inserted into the renal cortex categorical variables and the unpaired two-tailed Stu-
under real-time ultrasound scanning. Following the bi- dents’ t-test or Mann–Whitney test for continuous vari-
opsy, firm pressure was applied to the needle entry site ables. Significance was taken as P , 0.05.
for five minutes, and patients were kept on bed rest for
four hours. A postbiopsy urine sample was collected,
RESULTSand the presence or absence of macroscopic hematuria
was noted. Patient characteristics were well matched in the three
study groups (Table 1). Five different surgeons per-The surgeon performing the biopsy provided an as-
sessment of the difficulty of the procedure by completing formed biopsy procedures, but there was no difference
in distribution of surgeons between the three groups.verbal response and linear analog scales. The verbal re-
sponse scale was divided into four grades: easy, slight Use of the 16G needle was graded as easy in 27 out of
33 biopsies compared with 12 out of 33 biopsies usingdifficulty, moderate difficulty, and very difficult. The lin-
ear analog scale was a 100 mm line with the words “ex- the 14G needle (P 5 0.02; Table 2), but all three needle
sizes scored highly on the ease-of-use linear analog scaletremely easy” and “extremely difficult” at the left and
right hand ends, respectively. Patients were asked to (Fig. 1).
The physical characteristics of the biopsy cores ob-grade any pain or discomfort associated with the proce-
dure using verbal response and linear analog scales. tained are shown in Table 3. Fourteen G biopsy cores
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Fig. 2. Diagnostic usefulness of renal transplant biopsies taken using
three different sizes of needle. *P , 0.05 vs. 14 gauge; **P , 0.001 vs.
Fig. 1. Ease of use of three different sizes of needle used for renal 14 gauge.
transplant biopsy.
Table 4. Adequacy of renal transplant biopsies judged according to
Table 3. Physical characteristics of renal transplant biopsy tissue number of glomeruli (defined by Banff criteria)
cores and histologic diagnoses
14G 16G 18G
14G 16G 18G (N 5 33) (N 5 33) (N 5 34)
(N 5 33) (N 5 33) (N 5 34)
Adequate ($7 glomeruli) 28 25 18
Length mm 13.664.4 11.562.8 11.563.2 Marginal (1–6 glomeruli) 1 6 13
Diameter mm 0.960.2 0.760.1 0.560.1 Inadequate (no glomeruli) 4 2 3
Number of glomeruli 14.568.9 11.268.3 8.565.8
Cortex6medulla 29 31 32
Medulla only 3 1 1
No renal tissue 1 1 1
Number of biopsy cores Table 5. Diagnostic usefulness of renal transplant biopsies taken
containing muscular arteries 13 10 12 with 3 different needle sizes
Acute rejection 12 11 10
Acute tubular necrosis 7 8 8 14G 16G 18G
Cyclosporine toxicity 1 2 1 (N 5 33) (N 5 33) (N 5 34)
Chronic rejection 5 5 4
Excellent 13 13 4Non-diagnostic/normal 8 7 11
Good 13 10 12Other
Adequate 3 9 14
Values are mean 6 SD or raw numbers. Poor 4 2 4
Excellent or good vs. adequate or poor: 14G vs. 18G, P 5 0.01.
were larger than 16G and 18G cores and contained more
glomeruli. All three needle sizes used were equally reli- Linear analog pain scores were relatively low in all
able in producing a sample of kidney that contained three groups (Fig. 3), but statistical analysis demon-
cortex; a biopsy core containing six or fewer glomeruli strated that the 14G needle was associated with signifi-
was obtained in 5 of 33 patients in the 14G group, 8 of cantly more pain than the 16G (P , 0.05) and the 18G
33 patients in the 16G group (P , 0.01 vs. 18G), and 16 needle (P , 0.05). The verbal response data (Table 6)
of 34 patients in the 18G group (P 5 0.0746 vs. 14G; demonstrated that moderate pain was recorded more
Table 4). often using the 14G needle compared with the 18G (P 5
The verbal response data demonstrated that, although 0.0544).
all three needle sizes produced a similar proportion of Macroscopic hematuria was noted in a total of eight
biopsies that were graded at least adequate, a lower patients, four in the 14G group, two in the 16G group,
proportion of good and excellent biopsy cores was ob- and two in the 18G group (P 5 NS). None of these
tained using the 18G needle (Table 5). This was con- episodes were associated with clot retention or peri-graft
firmed by the linear analog figures that demonstrated hematoma, and all settled spontaneously after 24-hour
improved diagnostic value with increasing needle size bed rest. No grafts were lost, and there was no require-
ment for blood transfusion or reoperation.from 18G to 14G (Fig. 2).
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Table 6. Patients’ assessment of pain during renal transplant
biopsy procedure
14G 16G 18G
(N 5 33) (N 5 33) (N 5 34)
No pain 15 18 15
Mild pain 12 13 18
Moderate pain 6 2 1
Severe pain 0 0 0
No significant statistical differences were found between the groups.
than the size of the needle used. Any core-cutting biopsy
needle introduced through a large renal artery or vein
is likely to cause a serious complication irrespective of
the needle size. While ultrasound guidance is helpful in
avoiding major vascular injuries of this sort, it is more
Fig. 3. Pain scores during renal transplant biopsies performed using difficult to avoid penetrating the renal medulla even with
three different sizes of needle. *P , 0.05 vs. 14 gauge. the help of imaging. Bleeding would be expected to be
more likely when the biopsy needle penetrates the renal
medulla, as this is the site of the larger renal blood
vessels. There is some evidence to support this assertionDISCUSSION
[20], but whereas the presence of medullary tissue in aThis study is, to our knowledge, the first randomized
biopsy specimen confirms that the medulla has definitelytrial to compare the safety and effectiveness of three
been entered, the corollary is not necessarily true, as adifferent sizes of core-cutting biopsy needle in patients
biopsy needle can be introduced deep into the medullaundergoing percutaneous renal allograft biopsy. The
and then withdrawn before the specimen is obtained. Itdata presented demonstrate that larger biopsy needles
is therefore difficult to be absolutely certain about this(14G and 16G) are more successful in yielding an ade-
relationship. Precise biopsy technique is critical for thequate tissue core. Use of the 14G needle was more pain-
avoidance of bleeding; once the needle has been intro-ful than the 18G needle, but there was no evidence to
duced through the renal capsule, its angle of attack mustsupport the commonly held belief that larger biopsy nee-
not be altered, as this causes a slicing action that willdles are associated with higher complication rates.
disrupt the renal parenchyma. The thinner 18G needleThe most important requirement of any biopsy proce-
is much more flexible than the 16G and 14G needles,dure is that it should be safe and particularly that there
and this is responsible for quite a marked difference inis a low incidence of clinically significant hemorrhage.
“feel” during use. Despite this, the surgeons involved inThe macroscopic hematuria rate recorded here (8%) was
this study did not record any differences in the ease ofsimilar to the rates described in a number of series [4,
use of the three needles.14–17], although rates as low as 3% or less have also been
An adequate sample of renal tissue is required in orderreported [6, 18]. This complication may be distressing to
to diagnose or, indeed, exclude rejection. The precisethe patient, but it commonly settles spontaneously and
definition of adequacy is debatable, but clearly, a biopsyis usually of little consequence. In this trial, there were
must contain some renal cortex containing glomeruli inno significant differences in the macroscopic hematuria
order to be of any diagnostic value. Recent evidencerate in the three groups of patients, suggesting that all
suggests that reproducibility can only be achieved bythree needle sizes can be used with equal safety. More
analysis of much larger biopsy samples than has pre-serious bleeding complications were not seen in the pa-
viously been assumed [21]. The Banff schema defines atients described here but have been recorded elsewhere
completely adequate biopsy as one containing at leastand have included allograft loss [4, 19]. The incidence
seven glomeruli, and specimens containing between oneof this catastrophe has been reduced by the introduction
and six glomeruli are considered of marginal adequacyof ultrasound guidance, and blind renal transplant biopsy
[13, 22]. Stringent application of these criteria in theshould always be avoided. Transplant surgeons and phy-
present study showed that the 18G needle yielded asicians may be reluctant to use 14G and 16G biopsy
completely adequate tissue core in only 18 out of 34needles on the grounds that they might be expected to
biopsies (53%) and a marginally adequate specimen incause more bleeding. The findings described here do not
a further 13 biopsy cores (38%). Using the same criteria,support this contention.
14G and 16G needles yielded completely adequate bi-It is suggested that the particular route of the biopsy
track is more relevant to the incidence of complications opsies 85 and 76% of the time, respectively. The rela-
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tively poor sample adequacy associated with the 18G glomeruli and are more diagnostically useful. The use
of a 14G needle may be more painful, and the 16G needleneedle might be considered acceptable if this was bal-
anced by a lower complication rate. However, as there would appear to offer the best compromise between
diagnostic value and patient acceptability.was no demonstrable difference in the safety profiles of
smaller and larger needles, the usual justification for
using a smaller needle (fewer complications) cannot be Reprint requests to Professor Michael L. Nicholson, Division of
Transplant Surgery, Leicester General Hospital, Leicester, LE5 4PW,supported.
England, United Kingdom.
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